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T U B E R C U L O S I S  AND T H E  T U B E R -  
C U L I N S  IN T H E I R  R E L A T I O N  

TO IMMUNITY.  
BY G. H. K. MACALISTER, M.D. 

PUBLIC HEALTH.  

INTRODUCTION. 

B EYOND certain obscurantist adumbrations 
in the writings of Robert Fludd, a six- 

teenth century rosicrucian, who argued that 
injections of sputum might be of service in the 
treatment of pulmonary disease, there is no 
record of any attempts at active immunisation 
in tuberculosis before the days of Koch. It is, 
however, interesting to note that the early 
methodsof Fludd, based upon chaotic reasoning 
of a cosmic type have within recent years found 
an echo in the work of Wittgenstein and 
Passini, who reported favourable results in 
patients injected with filtered sputum. 

The problem is more difficult and compli- 
cated than any other in the fields of bacterio- 
logy and immuno-chemistry. More ink has 
been spilt upon it, fiercer controversies have 
raged round it, than round any other single 
subject within the same period. A n d w e  are 
not yet in possession of a satisfactory compre- 
hensive theory, which will explain observed 
phenomena, resist criticism and experimental 
fallacy, and provide a logical basis for a system 
of treatment. 

The starting point for a consideration of the 
subject must arise from Koch's discovery and 
his pioneer work upon the superinfection of 
tuberculous guinea-pigs. These investigations 
are set out in detail in every elementary text 
book. The introduction of his first tuberculin 
preparation was  suggested by the observations 
that inoculations of bacillary bodies alone 
caused abscess formation. From this he reasoned 
that the substance, which in suitable doses 
conferred immunity, and in larger doses caused 
reactions or death, was contained in broth 
extracts of the bacillus and that the necrosis- 
producing substances adhered to the bacillary 
bodies. 

The peculiar difficulties of the question are 
intimately associated with the physical and 
chemical characteristics of the infecting organ- 
ism and the nature of the pathologicai changes 
excited by its invasion. In the present paper, 
therefore, these two matters will first be con- 
sidered. Then the nature of the various 
tuberculins and allied preparations will be 
reviewed as concisely as possible, and the views 
of various authors upon their mode of action 
will be discussed. 

MAY, 

Chemical Compositio~ of Tubercle Bacillus. 
The tubercle bacillus is composed of fatty 

substances, proteins, carbohydrates, salts and 
water. The skeletal envelope is composed of 
cellulose and possibly chitin. The fats and 
proteins alone require detailed consideration. 

The amount of fatty substance present varies 
according to the age of the culture from 8 per 
cent. to 25 or 30 per cent. The nature of these 
substances has been investigated by many 
workers, who, using different extracting agents, 
have arrived at varying conclusions. Their 
work shows, however, that there are present a 
number of fatty acids, some ill-defined lipoid 
substances and an alcohol of high molecular 
weight, regarded bysome as a wax. The acid- 
fast property, upon which the characteristic 
staining reactions depend, resides in this last 
substance. 

The study of the proteins contained in the 
organism is rendered difficult by the presence 
of fatty substances, which resist the access of 
suitable chemical reagents. A number of 
different bodies have been separated, principally 
nucleo-proteins and toxomucins. No toxal- 
bumins analogous to those formed by other 
pathogenic bacteria can be recognised in 
bacillary extracts. 

A number of workers have attempted to 
isolate the essential toxic substance for the 
proteins of the tubercle bacillus. Rappet 
obtained from crushed bacilli, a nucleic acid, 
which he called tuberculinic acid, and tuber- 
culosamine, one of the protamine group. 
From tuberculinic acid, tubercu'lothymic acid 
and tuberculosine, a crystatlifie substance, were 
obtained. Tuberculosine was considered by 
v. Behring to be the specific poison, it  is 
thirty times, while tuberculinic acid is four 
times as toxic as Koch's old tuberculin. 
A1,~ibodies to VaYiom Constiti~ents of the Bacillus. 

Much and his co-workers have done work of 
great importance in studying the relation of 
the various components of the bacillus to 
immunisation. Separated by suitable means, 
it was found that the proteins, neutral fats and 
lipoids, individually had separate antigenic 
properties, that is to say, that each component 
had the power of evoking a specific antibody. 
Further, by shaking triturated bacilli suspended 
in a weak solution of an organic acid (e.g., I p.c. 
lactic acid), for a few weeks in a shaking 
machine at 58°C, a fine emulsion was obtained 
which contained the various components, free 
and in active condition, unmasked as it were. 
Filtration yielded a clear fluid, which was found 
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upon chemical analysis to contain traces of 
polypeptides. So that,  by appropriate chemical 
means, it was found possible to split the tubercle 
bacillus into its four constituent parts, protein, 
neutral fats, lipoids and the filtrate containing 
polypeptides. Injected into tuberculous guinea- 
pigs, it was found that  of the four the filtrate 
alone had the power of causing death, accom- 
panied by typical fever, general reaction and 
characteristic post-mortem appearances. The 
filtrate was found unsuitable for therapeutic use, 
owing to its high toxicity. These researches 
require further study and confirmation, but are 
highly suggestive as indicating a means for 
isolating the specific poisonous element in the 
bacillus. 

A study of the pathology of tubercular disease 
shows that the action of the bacillus in produc- 
ing characteristic lesions is partly toxic and 
partly mechanical. An entering bacillus coming 
to rest within the tissues may at first start local 
necrosis and the minute necrotic areas will be 
the point of origin of a typical tubercle. These 
initial stages have been accurately studied by 
Warthin in cases of tuberculosis of the placenta. 
In other cases the entering bacillus is taken up 
by a leucocyte and transported in the blood- 
vascular or lymphatic system to a remote part, 
there to initiate tuberculous disease. 

The inoculation of certain neutral fats, agar, 
cholesterin, insoluble salts and other bodies has 
been shown to be capable of inducing prolifera- 
tion and giant-cell formation and to give rise 
to typical tubercles. Non-pathogenic acid-fast 
bacilli inoculated together with neutral fat have 
been shown to cause lesions resembling those 
of tuberculosis. These organisms i-endered 
pathogenic by exaltation of their toxicity give 
rise to similar manifestations. It appears, 
therefore, that if the preliminary necrotic 
changes can be artificially induced, the tubercle 
formation depends upon partly mechanical 
processes due to the presence of large quantities 
of insoluble matter. If the organism contain 
specific toxic substances, or substances capable 
of producing a specific poison, the general toxic 
symptoms associated with tuberculosis will 
follow. If the organism is non-toxic the disease 
will not progress owing to the absence of such 
manifestations. 

Thera~beutic Principles. 
The active immunisation against tuberculosis 

depends upon the t reatment  of infected persons 
with bacillary products containing toxic 
substances unmasked and freed from insoluble 
materials, so as to stimulate the body to 

protect itself against further effusions of 
poisonous material. 

The total number of varieties of tubercle 
bacillary products that have been recommended 
for the purpose of producing active immunisa- 
tion amounts roughly to one hundred. A large 
number of these have not been deemed worthy 
of extensive trial, but have been placed rather 
in the category of historical curiosities. Others 
resb upon a restricted measure of clinical 
support ; the evidence in favour of their efficacy 
is of a type difficult correctly to appreciate. 
Of the whole number less than ten have been 
used upon any extensive scale. 

Classification of Tuberculius. 
Tuberculins and allied preparations fall 

roughly into three classes. The first includes 
culture fluid products ; the second, preparations 
from the bacillary bodies; thethird,  preparations 
in which both culture fluid and bacillary bodies 
are employed. A small  fourth group contains 
products which may be termed compound 
tuberculins, in which certain added drugs 
appear. These have no great practical 
importance. 

Culture Filtrates. 
Of the ordinary culture fluid products the 

most important are Koch's Tuberculin-original- 
alt and Denys's Bouillon Filtr6. They contain 
only that portion of the specific bacterial 
substance which has diffused out into the broth 
during growth. That  is to say, that, in addi- 
tion to the original constituents of the culture 
fluid, they contain metabolic, and, possibly to 
a small extent, autolytic products of bacterial 
activity. 

One member of this class has an important 
theoretical bearing; it has, moreover, during 
recent years been extensively studied from the 
clinical side. Koch's albumose-free tuberculin 
is derived from the cultivation of the organism 
upon a synthetic medium in which the only 
source of nitrogen is asparagin, an amino-acid. 

Analyses of albumose-free tuberculin have 
been performed by Lockemann and by LSwen- 
stein and Pick. The culture media employed 
for the two sets of investigations showed slight 
differences. From their results, the authors 
conclude that a potypeptide is present, and no 
true protein. 

Vaccines. 
The group of substances for the preparation 

of which the bacterial bodies alone are used 
may be divided roughly into two sub-groups, 
the true vaccines and the bacillary extracts. 
The most familiar member of the vaccine 
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group is the bacillary emulsion of Koch, which 
consists of organisms ground up in a mill until 
no formed elements are recognisabte. No heat 
is used for Koch's preparation; but Wright 
recommends that in the process of manufacture 
a temperature of 6o Q C. for an hour should be 
employed. 

Somewhat different are the living vaccines. 
Living human strains, unaltered or attenuated 
by prolonged artificial cultivation or by pas- 
sage through a cold-blooded animal, such as 
a salamander, have been employed for the 
prophylactic inoculation of bovines. The 
observation that the organisms may be 
recovered living from the tissues and secretions, 
notably the milk, of animals so treated, at a 
period of one or two years after inoculation, 
carries condemnation of this practice. Living 
vaccines of human or bovine origin attenuated 
by cold-blooded _passage, vaccines prepared 
from the cold-blooded tubercle strains and 
from non-pathogenic acid-fast bacilli have 
been advocated by a number of workers. No 
satisfactory evidence in support of their efficacy 
has been adduced. Friedmann's  procedure 
involving the use of a human tubercle bacillus 
passed through a turtle is attracting attention 
at the present time. 

Bacilh~ry Extracts. 
Extraction of the bacilli by means oI chemi- 

cal agents has provided a number of students 
with a special field of study. The aim of work 
of this type has been to unmask the active 
constituents and to remove inert substances. 
Amongst other re-agents, ether, xylol, chloro- 
form, chloral hydrate, sulphuric acid, sodium 
oleate, alkalies and water have been tried. A 
Russian preparation, Endotin, introduced by 
Gabrilowitsch, is obtained by treating bacilli 
successively with chloroform, alcohol, xylol, 
ether and weak alkali. It has been stated, 
however, that drastic treatment of this type 
destroys the active constituents of the bacillus. 

Culture Fhdd aud Bacilh~ 7 Substance 
Preparatious. 

The third group comprises tuberculins con- 
taining derivatives both of the culture fluid 
and the bacillary bodies. Koch's tuberculin, 
the type member of this class consists of a 
glycerine broth tubercle culture concentrated 
at 7 °0 C. under diminished pressure to one 
tenth of the original volume and filtered. It 
has been used more extensively than any of 
the other preparations. By means of precipita- 
tion with alcohol or concentrated salt solutions, 
it has been obtained in purified form, that is to 
say, free from non-specific substances. 

Two other tuberculins are those of Beraneck 
and Landmann. As there is a considerable 
amount of controversy between the advocates 
of these two types of preparation, it is illu- 
minating to consider them in juxtaposition. 
Beraneck used as a culture fluid a glycerine 
broth medium containing no albumoses. To 
the concentrated fluid after six weeks' growth, 
he added equal parts of a one per cent. ortho- 
phosphoric extract of the bacillary bodies. 
This preparation is enthusiastically advocated 
by Sahli and has also been extensively adopted 
in this country. 

Landmann uses a strain of bacillus whose 
virulence has been exalted by animal passage. 
After growth upon glycerine broth, the bac- 
terial bodies are collected upon a filter, freed from 
fat, and extracted fractionally with distilled 
water, saline and dilute glycerine at different tem- 
peratures. That  is to say, extraction is first 
carried out at 4 °° C. The solid matter from 
this is again extracted at 5 °° C., at 6o °, and so 
on to IOO ° C. The products of these various 
extractions are mixed and added to the filtered 
concentrated broth fluid to form Landmann's  
tuberkulol. The extractions from the bacilli 
and the concentrated filtrate are also supplied 
separately. 

Tested by the German official method of 
I standardisation, which involves the determina- 

tion of the dose necessary to kill a tuberculous 
guinea-pigin a fixed time, Landmann's  prepa- 
ration is very much more powerful than that 
of Beraneck. The high potency of tuberkulol 
is shown also by the fact that it is toxic for 

I healthy guinea-pigs, and the specificity of this 
poisonous property is demonstrated by the fact 
that such toxicity may be neutralised by anti- 
tuberculous serum. Beraneck considers that 
such toxic properties are undesirable and that 
they bear no relation to the immunising powers 
of the preparation. The support of his tuber- 
culin tests at present upon hypothetical con- 
siderations and scattered clinical observations. 
It may be true that toxicity and immunising 
powers are properties resident in separable 
fractions of the organism, but there is in the case 
of tuberculosis no direct proof of this, and we 
have at the present time no direct method 
beyond the toxicity test upon infected guinea- 
pigs for determining the strength of any given 
preparation. 

Such, then, are the tuberculins. A considera- 
tion of the whole heterogeneous collection 
shows that the idea underlying their production 
has been the liberation of the specific substance 
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or substances in such a form that they may, by 
their activity, be capable of producing immunity. 
The sceptic argues from their very multiplicity 
that such preparations are uniformly worthless. 
On the other hand, it is claimed that, for 
efficient investigation of this problem, it is 
highly desirable for one batch of researchers to 
test the value of existing products and for 
another to concern themselves with the prepara- 
tion of fresh types of reagent. 

tIypotheses ~¢o~ Immuuity. 
In order to get a clear conception of the mode 

of action of tuberculins, it is necessary to con- 
sider separately the diagnostic reactions and the 
immunising processes. It  is not possible in a 
short article to consider the earlier views, as 
these are now of purely historic interest. 

Tuberculin Reaction. 
There are, broadly speaking, four different 

schools of thought, which afford different ex- 
planations o f  the tuberculin reaction. The 
schools of Koch, Wassermarin and Ehrlich 
consider that the action is due to the working 
of a primary toxin. That  this toxic antigen 
re'acts with the antibody present in the 
focus of disease and with the floating anti- 
body present in the circulation. The inter- 
mediate zone of a tuberculous lesion, where 
there is a derangement of cell metabolism, 
is rich in anti-tuberculin, and the introduction 
of fresh tuberculin induces a coalescence of 
antigen, antibody and complement with con- 
sequent cell destruction and liberation of toxic 
products. Citron and others are of opinion that 
tuberculous infection causes a multiplication of 
sensitive cell receptors at the focus of disease 
and throughout the body, and attribute the 
reaction to their excitation. 

Wolff-Eissner also hypothecates an ambocept- 
or action, but regards the reaction body as pos- 
sessed of Iytic properties. These lysins orbac- 
teficidal bodies possess the power not only of 
killing and disintegrating the bacteria to which 
they are antagonistic, but also of attacking and 
breaking up introduced tuberculin in a manner 
analogous to that in which albuminolysins 
decompose introduced albumin. The degrada- 
tion products of tuberculin are the toxic bodies 
which produce the characteristic reaction. 
This hypothesis thus attributes the phenome- 
non to formation of a secondary toxin. 

The same view, that  degradation products 
of tuberculin are responsible for these effects, 
dominates the work of Friedberger and of 
Vanghan and their co-workers, who would 
homotogate the reaction to a true anaphylactic 
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manifestation. Von Pirquet makes use of the 
term allergia and draws an analogy with the 
observations of v. Behring upon cellular 
hypersensitiveness in tetanus. 

It has been suggeste d that the reaction is 
not .specific but is a toxic effect, due to the 
atbumoses contained in tuberculin. This may, 
however, be at once negatived, as albumose 
free tuberculins are capable of producing 
reactions. 

Tuberculin Treatment. 
The curative and protective processes induced 

by a course of tuberculin treatment are con- 
sidered by many workers to be due to focal 
changes, by which the focal cells are stimulated 
to throw offthe infection and kill the organisms 
in that situation. This reaction may be re- 
inforced and the protective mechanism com- 
pleted by the formation of antitoxins or 
bacteriolysins. According to the view of 
Wright and Neufeld there are developed in the 
blood opsonins and bacteriotropins, which 
prepare the organisms for ingestion by the 
leucocytes and probably also by the large 
mononclear endothelial cells. Whether opso- 
nin is a simple body and comparable with 
bacteriotropin, or a compound body, and the 
opsonin found in heated serum identical with 
bacteriotropin are still debatable points. 
Laboratory methods founded upon Wright's 
observations afford means of estimating the 
degree of immunity present in any given case. 

Those who regard tuberculin reactions as a 
manifestation of cellular hypersusceptibility or 
as a result of humoral activities consider that 
the aim of tuberculin treatment should be a 
development of such a degree of sensitiveness 
that could react and throw off entering or 
existing infection. 

If there be serum sensitiveness, analagous to 
that accompanying anaphylaxis, such sensi- 
tiveness should be capa'gle of passive transfer- 
ence to another animal. The bulk of evidence 
shows that this is not the case. Studying 
transfusion experiments on the largest possible 
scaie, Faludi found that the newly-born 
children of a large number of tuberculous 
mothers failed to respond to tuberculin tests. 
Moreover, Landmann has shown that the 
phenomena associated with tuberculin reaction 
differ clinically and pathologically from ana- 
phylactic manifestations in the widest possible 
manner. 

O n  the other hand, by suitable treatment all 
the  known types of antibody can be produced 
in a tuberculous animal, and the serum of such 

B 
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an an imal  is said to be capable of conferring 
passive immuni ty  if injected into another  
animal. Complement -b ind ing  antibodies are 
found in tuberculous patients, particularly in 
tuberculin treated cases. Mich~elis and Eisner  
have shown that  in advanced cases of phthisis  
which have not been t reated with tuberculin, 
as well as in all tubercul in- treated cases, 
complement-binding antibodies to tuberculin 
may be demons t ra ted  in the serum. In early 
cases, which h a v e  not  received specific treat- 
ment,  no such bodies are present. 

Pickert  and LSwenste in  found in the sera of 
patients treated with tuberculin,  a body, which 
they te rmed anticutine,  which, incubated in 
vitro with tuberculin,  w a s  capable of depriving 
that  substance of its power of provoking 
reactions. Anticutine was also demonst ra ted  
in cases which had not  been treated , and from 
this c i rcumstance,  these authors  conclude 
that  the processes accompany ing  the na tu ra l  
development  of immuni ty  are similar to those 
artificially evoked by tubercul in administrat ion.  
This  point is of great  importance,  as the whole 
question 6f the value of tuberculin t r ea tment  
depends upon the closeness of the relat ion 
between tuberculin immuni ty  and immuni ty  
against tuberculosis.  

The  power of an animal  to protect  itself 
against  tuberculin invasion and infection 
cannot  apparent ly  be said to depend upon its 
power to produ,ce circulat ing antibodies, as 
early and mild cases have been observed to run 
.a favourable course, a l thoug  h no such bodies 
could be demonst ra ted  in the serum. I t  
would appear tha t  the cellular mechanism,  
multiplication of cell receptors and development  
of specific cellular act ivi ty must  suffice in such 
instances to establish protecidon, without the 
development of floating receptors,  in  other  
words, tha t  the immuni ty  is of a strictly cellular 
rather  than  a cellulo-humorat  type. This  view 
establishes on a logical basis the work of those 
who consider tha t  the object of tuberculin 
t rea tment  is to establish an adequate degree of 
cell response in the infected host,  rather  than  
to neutralise the existing poison in the body 
fluids. 

W h e n  the infection is so great  that  the 
direct ce l l -mechanism cannot  cope with it, 
antibodies are poured into the serum and 
may be demonst ra ted  by complement -b inding  
methods.  Moreover, such serum is capable 
of conferr ing a certain measure o f  passive 
immuni ty  upon ano ther  animal. In  advanced 
cases, such bodies may  be present in great  
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quantit ies,  and the failure of such persons to 
react  to tuberculin has been at t r ibuted to a 
" c h o k i n g "  of the introduced tuberculin by an 
excess of floating antibodies. 

The  cellular immuni ty ,  as measured by 
cutaneous and conjunctival  tests, varies little 
from day to day, whereas the amount  of floating 
antibodies is a highly inconstant  factor. The  
ant ibody content  of the serum is a measure of 
the auxiliary protective mechanism.  T h e  
serum of a man or animal, who has recovered 
from tuberculosis, in whom i m m u n i t y  has 
become well established, contains no de. 
mons t rab lean t ibod ies  and conveys no passive 
immuni ty  when injected into another  animal.  

A P P O I N T M E N T S .  
DR. F. R. B. ATt~:INSON has been appointed one of the 

tuberculosis officers for the County of-Middlesex. 
DR. W. AULD has been appointed medical officer of 

health to the Wimborne U.D.G. 
I)R. Wt~. A. BERRY has been appointed deputy medical 

~officer of health, deputy medical superintendent of hospital 
and assistant school medical officer of the Borough of 
East Ham. 

DR. H. C. H. BRACEY has been appointed assistant 
county medical officer of health for Warwickshire. 

DR. J. S; BYRNE has been appointed assistant medical 
officer at the Bradford Tuberculosis Dispensary, 

"I)R. JAMES CARRICK has been appointed assistant medical 
officer of health to the Paisley Town Council. 

DR. HAm~Y "CoamLL has been appointed one of the 
tuberculosis officers for the County of Middlesex. 

DR. J. A..DAVIDSON has been appointed visiting medical 
officer of the Central London Sel~/ools. 

DR. J. R. B. DOBSON has been appointed one of the 
tuberculosis officers for the County of Middlesex. 

DR. Fox has been appointed assistant school medical 
oft~cer to the Kent Education Committee. 

DR. E. J. GraFFITHS has been appointed medical officer 
of health and school medical officer by the Pontypridd 
U. D.C. 

DR. R. P. HEDDLE has been appointed medical officer 
for the County of Orkney under the scheme for the 
inspeetlon of school children. 

DR. J. COOTE HIBgERT has been appointed medical officer 
of health of Blackburn. 

DR. JOHN LAMmE has been appointed medical officer 
of health to the Mansfield Town Council. 

DR. W. G. McAr~TnUff has been appointed medical officer 
of health to the Thirsk R.D.C. 

DR. J. T. R. MAcGILL has been appointed medical officer 
of imalth to the Littleborough U.D.C. 

DR, D. G. M. MUNRO has been appointed one of the 
tuberculosis officers for the County of Mktdtesex. 

DR. E. E. "NORTON has been appointed one of the 
tuberculosis officers for the County of Middlesex. 

DR. C. H. SEDGWICK has been appointed medical officer 
of h~alth by the Davent W Town Council. 

DR. P. J. TIMONEY has been appointed tuberculosis 
medical officer for the County of Fermanagh. 

DR. A. W. VaLBNTINE has been appointed medical 
officer to the Barnstaple Port Sanlta W Authority. 

SUPERANNUATmN.--The Society of Medical 
Officers of t !eal th and the Council of the Royal 
Sanitary Institute is petitioning Parliament in 
favour of the Medical Officers of Health (Superan- 
nuation) :Bill, which has been introduced by Sir 
Philip Magnus. The Council of the Institute 
decided to support the Bill, as they consider that 
it would tend to the better administration of the 
public health service if superannuation were 
provided for public health officers, 


